Micromethod for the Titration of Lymphocytic Choriomeningitis Virus in Cell Cultures
(Accepted 22 October I974) SUMMARY A quantal microassay for the titration of LCM virus strains is described. It is based on the detection of virus-specific complement-fixing antigen in the medium of infected L cell microcultures.
Work on lymphocytic choriomeningitis (LCM) virus has been hampered by lack of a convenient method for determining infectivity. Several procedures, both quantal and quantitative, have been recommended (Lehmann-Grube, I97I), yet none has found general acceptance. We have previously described a method for the titration of LCM virus which depends on the detection of complement-fixing antigen (CF Ag) released from infected L cells into the medium of tube cultures (Lehmann-Grube & Hesse, 1967; Lehmann-Grube, 1969) . A microassay based on this procedure has now been developed. Although this technique is applicable to the titration of all LCM virus strains tested, details will be reported only for the WE strain (Rivers & Scott, I936) . The principle is as follows: virus is diluted serially, and to a known volume of each dilution a known number of cells is added. Each cup of a plastic cell culture tray then receives a drop of the virus-cell mixture, and after incubation each individual cup is examined directly for the presence of CF Ag, a positive result proving infection.
Disposable styrene cell culture plates (C. A. Greiner, D-744o Ntirtingen) with 8 × I2 = 96 cavities, each holding a vol. of o'4 ml, are used. LCM virus-specific antiserum is prepared in rabbits immunized by intravenous inoculation with WE LCM virus which had been passaged once and propagated in primary rabbit kidney cells cultivated with rabbit serum. The antiserum is inactivated by heating for 3o min at 65 °C.
Assay medium consists of minimum essential medium (Eagle, I959) plus non-essential amino acids (Lockart & Eagle, I959) buffered with tris(hydroxymethyl)amino methane and NaHCO3 at final concentrations M/IOO and o'I4 ~, respectively, and substituted with 5 ~ heat-inactivated calf serum. Virus is diluted serially with tubes held in an ice bath. To ml of each dilution a drop of medium containing 2"5 × Io 5 freshly trypsinized L cells is added. The virus-cell mixtures are then warmed by immersing the tubes for 5 rain in a 37 °C water bath. After transferring to room temperature, o'o5 ml drops of the mixtures are dispensed immediately into cell culture trays. These are covered with plastic lids and the drops flattened by gentle strokes against all sides of the plate. After incubation for five days at 37 °C in humidified 5 ~ CO2 in air, each cup receives one drop (o'o25 ml) of antiserum diluted to contain twice the amount capable of fixing three units of complement (C') in the presence of antigen and one drop (o'o25 ml) of C' diluted to contain three units. The unit of C' is defined as the volume of guinea-pig serum which causes partial lysis of o'o5 ml of sensitized sheep red blood cells (SRBC); the concentration of SRBC being such that, after lysis and conversion to cyanohaemoglobin, an optical density of o'5oo is obtained at 546 nm. The trays are then held at 4 °C for I6 to I8 h, when one drop (o'o5 ml) of sensitized SRBC is added to each cup. Plates are read after further incubation for 6o min at 37 °C, haemolysis indicating no accumulation of antigen and no infection. In order to permit a comparison with the still widely used mouse test, titrations were done in parallel in both systems. A pool of LCM virus, strain WE, was prepared from the second passage in L cells and stored at -7o °C. The contents of two ampoules were diluted serially 3"I6-fold (0"5 logl0) in parallel. For each dilution, five mice were inoculated intracerebrally with 0"03 ml, and the IDs0 was determined as described previously (LehmannGrube, 1964) . Parallel L cell microassays were performed employing I2 cups on each of three plates per virus dilution. Titres were calculated after Fazekas de St Groth (1955) , and the results of five such experiments are summarized in Table I . On the average, mice are five times more susceptible to infection with strain WE LCM virus than are L cells suspended in the cup of a plastic tray. Calculation of standard deviations reveals that titrations in cell cultures give less erratic results than do titrations in mice, which is at least partly due to the greater number of cell culture units (12) per dilution as compared with only five mice. In order to obtain an estimate of the difference between mice and cell cultures of titrations performed at different times, titres from mice and from first cell culture trays were paired, taking at random values from all ampoules excluding pairs belonging to one set of quadruplicate assays. The difference was found to be log10 0"726 with a single standard deviation of o'47o.
Short communications
An analysis of variance was performed (Kempthorne, 1973) to separate the inherent error of sampling within triplicate cell culture assays from the error attributable to differences of conditions between experiments, and from this, in turn, was separated the error due to differences between ampoules plus dilutions. Not surprisingly, the inherent error of sampling was lowest with a standard deviation of o-121. However, both the error attributable to ampoules within experiments and the error attributable to additional variables, such as cells, media, and glass ware, were only slightly higher (standard deviations oq39 and o'146, respectively), and it may be concluded that results obtained from tests done on different days may be compared directly.
In order to answer the question whether the most probable number (MPN) constituted an adequate measure of virus infectivity, the dose-response relationship of LCM virus, strain WE, and L cell microcultures was analysed. Virus was diluted, mixed with ceils, and o'o5 ml drops were dispensed into microtitration trays, 288 cups per 3"I6-fold dilution.
From the results, the expected outcome for all dilutions was calculated on the assumption that one infectious unit was sufficient to initiate an infection (Halvorson & Ziegler, 1933) . Expected and observed values were then compared by the y 2 method of Haldane (1939) . The results are summarized in Table 2 . Although the theoretical and experimental values seem to agree well, X 2 considerably exceeds the permissible value which for P = o'o5 and six degrees of freedom is 12"59; essentially the same was found in a repeat experiment. Further analysis revealed that the deviation from expected values did not follow a predictable pattern but occurred at a few dilutions only, in which the number of positive outcomes was less than calculated. Apparently, infectious units were lost during the manipulations due to an unknown and non-random cause. We must conclude that the dose-response relationship of LCM virus, strain WE, and L cell microcultures is not adequately characterized by the zero term of the Poisson distribution. It is, therefore, not permissible to employ the MPN, although this parameter is preferable to the median effective dose (IDs0) for practical and mathematical reasons (Chang et al. 1958; Lehmann-Grube, 1969) . As compared with intracerebral titration in mice, the proposed assay is less sensitive, and as compared with counting plaques, is less accurate. Slightly reduced sensitivity is usually of minor concern with most experimental problems, and the reproducibility can easily be raised by decreasing the dilution intervals and increasing the number of replicate assay units. Otherwise, this new method is fast, economical, reliable, and easy to perform.
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